12 United States Patent

US008493112B2

(10) Patent No.: US 8,493,112 B2

Tanaka 45) Date of Patent: Jul. 23, 2013
(54) SIGNAL PROCESSING APPARATUS (56) References Cited
(75) Inventor: Yasuyuki Tanaka, Tokyo (JP) U.S. PATENT DOCUMENTS
4495474 A * 1/1985 Nishikawa etal. ............. 331/11
(73) Assignee: Canon Kabushiki Kaisha, Tokyo (JP) 5,090,656 A * 11/1999 Kardash ........cccccove...... 318/807
6,552,618 B2* 4/2003 Nelsonetal. ................... 331/11
_ _ _ _ _ 7,804,367 B2* 9/2010 Leeetal. .........cccooinni. 331/16
(*) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 45 days. Jp 2008-042586 A 2/2008
. .
(21) Appl. No.: 13/208,740 cited by examiner
Primary Examiner — An Luu
(22) Filed: Aug. 12,2011 (74) Attorney, Agent, or Firm — Canon U.S.A., Inc., IP
Division
(65) Prior Publication Data (57) ABSTRACT
US 2012/0044001 Al Feb. 23, 2012 A signal processing apparatus of the present invention
includes an mput unit configured to recerve a reference signal
(30) Foreign Application Priority Data supplied from an external device, a phase detection unit con-
figured to detect a phase difference between the reference
Aug. 18,2010  (IP) eoveeeiiie e, 2010-183270 signal received from the input unit and a clock signal, a
generation unit configured to generate the clock signal with a
(51) Int. CL. frequency corresponding to an output of the phase detection
HO3L 7/08 (2006.01) unit, and a control unit configured to detect an error between
(52) U.S. CL a frequency of the reference signal received from the 1nput
UspC 327/156: 327/147; 327/150; 327/159: unit and the frequency of the clock signal based on an output
331/17; 331/25 ot the phase detection unit and to output information, which
(58) Field of Classification Search indicates the status of a frequency change in the reference

None

See application file for complete search history.

LR

201

signal, to a display device based on the detected error.

15 Claims, 7 Drawing Sheets

S’*’NLHRGH LA TON
SEPAE‘?AT JON UNLT

209 208
= -
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa I o I e B /T
! : :
REFERENCE CLOCK . o ;
R A g
COMPARTSON SIGNAL PHASE DETECTION UNIT |
GENERATION UNIT g
; 2 22 241 242 §
5 SIHE HAVE ;
211 *”QEEiEﬁﬁj TeE T Gl LPF e
| IR R e —
oa | SIGNAL -
" GENERAT 10N UNIT | 205
| 203 >
202 LGP FILTER VCO PREDETERMI
FFFFFFFFFFFFFF PHASE 221 E‘?ﬁ 234
Wﬁh.ﬁ TECTION —s— 5 1y SINE WavE | |
UNIT 999 223 224 i 225 TABLE
,.,,,._.,L> ,.t{; ;,,1 | M & DI
< A
106 206
lf"".

aaaaaaaaaaaaaaaaaaaaaaaaaa




US 8,493,112 B2

LN
| NO1 1¥H3d0
,,,,,,,,,,,,,,,,,,, LN NOLIYNIRL, 0
5 it O, 90
211 e e 1
it Y N PSS
I
~ “ R
S T INdING
- m LN s —
g o O [+ ONISSIO0d | L 601
5 BLALREL] JOVH] R 2
301 e LIND
m oMV
g
u * 101
N R— .
i LEND T0NINGD |
» VS
-

AY1dSIG |

1.--.-.--.-.-..-.-..-.-..-.-.
GO1

001 L 914

U.S. Patent



US 8,493,112 B2
=
=

3y
MM NS

43

Ve IV
N T 3030

Sheet 2 of 7

[1dd -
R
901 W
w
Edbc2e) R
e, yig €l ¢oé Tl LDLEEN
N LUBHENE (S 102
1 ¢¢ 35 ¥Hd

Jul. 23, 2013

U.S. Patent

43114 d0oT

aavi s [ EEUA e
257 162
LIND NOILVYANGD|
WADIS NOSIHYdHod|
e 0l¢
OXOA e
-
602

NAS

207

i i 2l ol A i i i S i A S S i i i o S il A S S i i S S S i A S S i

LN NOllvyawan | L OH
WND1S
N1 LYZ INOHHONAS |~

L1¢

VIR BLERE Y

11.I.I.I.II1111.I.I.II1111.I.I.I.I|111.I.I.I.II1111.I.I.I|1111.I.I.I.II¥.

¢ Uld



U.S. Patent Jul. 23, 2013 Sheet 3 of 7 US 8,493,112 B2

. START
F1G. 3 (st

SET PREDETERMINED VALUF 3201
As INTEGRATED VALUC

J;Q%Mh $302

.-r""M

1S EXTERNAL \ NO
REFERENPE SEGE\EAE_ SUPPL | ;I},,.:?"’“‘“‘“wm

\\ . ,.---“"##

-M

i 1

- DETECT ENTE{:‘&RMFE} C QUTPUT INITIAL
VALUE 3 L VALUE

B o o o o o g o o g T 1!:“'I:'h:'h:'h‘tttt“‘ttht‘ttk“ttk‘ﬁ‘ttt“'I:'h:'h:ht‘t'ﬁ:t“ ttttttttt

39,10 “"T&E PROGESS 0F

SAVE INTEGRATED |BECOMING STABLE

VALUE CALCULATE VALUE
AT STABLE POINT <305
AND SAVE VALUF

ammsiiAmsAtiEAAAAATAAAARAAL AL AL AL LA AL AL o

* DISPLAY INFURMATION INDICGATING
- THAT REreRENCE STGNAL 1S SUPPLIED ~ S306
CAND IS TN STABLE SHALL

e R lﬂunlnnnn---.-a-u-u-.--.-u-u-un-“nnn“nnn-“nnn“nnn-nnnnn“ nnnnnnnnn

_f.'."

YES _— S EATERNAL
\ REFERENGE 1 GNAL \

SUPPLIED?
\ ,««”"ﬂj

"OUTPUT SAVED INTEGRATED
[V%LUE 5308

5§

T TENE T L T TLTENE T T T TN TR TN T E‘.‘ LT L TENE T L T NE L TENE T T TN L NENE T T T NN L L T MK RN

DISPLAY THAT NO EXTERNAL 2300
REFERENCE SIGNALIS SUPPLIED |

(: RETURN “\



U.S. Patent Jul. 23,2

i sin min sie sin mie sie sin sie sie sie sie sie sie sl sie sie mie sie sin sl osie sin sie sie sie sie sie sie sl sie sie sl sie sle sl sie sin mie mie sle

013

14,

e sl min sie sin mie sie sie mie sie sie mie sie sin sl sie sie sl sie sln

Sheet 4 of 7

/

e sin mie sl sin sie sie sie sie sie sie sie sie sie sie sl sie sie sie siesie sie sin sie sie sie sie sie sie sie sie sie sie sin sin sie sin sie sl sie

i sl sin mie sl sie sie sie sie sie sie sie sie sie sie sie sl sin sl sie

US 8,493,112 B2

i sl sin mie sie sie sie sie sin sl sie sie sie sie sie sl sie sin sie sie sin sie sie sie sie sie sin sie sie sin sl sie sie sie sin sin sl sie sin mie

29

20 |

-

\
:
S

+
-

+

TR — S ———

T W WO W
+

*
[ ]

*

f'

-
+
L)
.

""’"""""*"

rmmmmmmmmmmmmm e e e Py

-

FREGUENCY (ppm

N - ’E

S R R A T O O R e .-.-.-.-.-.-.-.-l..l..lr.l..l.....l...‘

- L . E L Em s R MR MR M L R R ML S R R S M M E . E

wir s oir wir o oir mir s oir mir oir oir omir osir oolr

-

f e ———————————

5

S Sy Y S S S e S

h e e e ——————————————

D

**************F*****i 4 4 4 4 4 4 g oge
a

[

+

3
]
]
]
]
]
hy
]
]
]
]
]
]
]
]
]
]
]
]
]
]
h
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]

iy g iy g i e i el i g iy i i i g i i A e e e e e e e e e e B e e e e e e

-
LI B I

wir wir wir sir oir oir oir oir sir oir wir s ool ool

i iy i e e e e e i e i e i e e i i e e i o e e e e e e e e e e i i e e e e i i e

- b+

+*
-

-
 h ok och ok h ok hoh o+

.-.-.-.-.-.-.-.-.........l..l..lp.l..l! 4 4 4 4 4 4 B8

ok ko och ok ohohhoh ko h hh ko h hh ok h ko h

i iy e e e e e e e e e e e e iy e i ine e ime M e e e e e e e e e e e i e i e i i i e

/

| ME €

w



U.S. Patent Jul. 23,2013 Sheet 5 of 7 US 8,493,112 B2

riG. o

. START )

¥

Sti PREDETERMINED VALUE
AS INTEGRATED VA

TS EXTERNAL g
<§ -REFERENCE SIGNAL SﬁPPLEEﬁ D

i [ oureut ITIAL |
- DETECT D SAVE ; 5 E
NTEGRATED VALUE [7990 | VALLE .

L}
|
i L]
: - — —— 3 E ‘
§
[ ]

Sk O3

CALCULATE TINE REQUIRED | opo )
FOR DEVIATION OF N FRAMES ; ;

.............................. S

?E;ﬁ? AY GALGUL MF{} | 3505

$506 § g
T3 EXTERNAL VES g ;

\FEREN&,E S TGNAL />

~SUPPLIED? —

OUTPUT SAVED INTEGRATED

VALUE ~ 5007

DISPLAY THAT NO EXTERNAL _SE0Q
REFERENCE STGNAL 1S SUPPLIED

CRETURN )




U.S. Patent Jul. 23, 2013 Sheet 6 of 7 US 8,493,112 B2

FiG. 0

START )

St PREQETER&? INED VALUE

AS ENTEQRAfggmgggggmmmmmj ~5601

- EXTERNAL e
C ERE&CE SEGN%L SUPPLIED o e

f-""“-"*
m\ ¢
"M"""u-ﬁ e ﬂ.ﬂ-‘f’

YES B : i 5609

1
DETECT AND SAVE Sh03 OUTPUT INTTIAL
| INTEGRATED VALUE

VALUE
CALCULATE ERROR (NUMBER OF FRAMES) | o0y § ;
AFTER T SECONDS 5 ;

.............................. A

DISPLAY CALGULATED | 605
- NUMBER OF FRAMES

S606 5 5

T8 EXTERNAL ™ YES ; s

< REFERENCE SIGNAL > 5
L SUPPLIED?. ;

QUTPUL SAVED INTEGRATED

VALUE ~ 5607

DISPLAY THAT RO EXTERNAL 2608
REFERENGE STGNAL 15 SUPPLIED |

RETURN



U.S. Patent Jul. 23,2013 Sheet 7 of 7 US 8,493,112 B2

PG, (/

- ¥
G TR R R R : 11111111111111;!11111111111111111111111"111111111111111111111111;:11111111-|=1|=-|=111111111111‘11111111111|=-:-:1|=111111111?11111111111111111111111
£y 1 ‘ 4
) | | . ‘ M .
+ | ‘ 4
£y 1 ‘ 4
- | ‘ 4
iii 1 ‘ 1
iiiii | ‘ 4
- N * ! L] 1
- - 1
L
L
L
L
L
L
L

r
r

00 QU

+
R e

fos?
-
-
Ly

*
R g .

[

.
-
-
-

1*"-"--'-1“'--'-"-' i A A --'-"--'.'I—'-"--'-

2
-
-
-,

TIME REQUIRED FOR DEVIATION

cﬂ 1.3 | §
N . : .
4 4 A 1 L]
L | ‘
4+
- | ‘
- : . \
" 1 )
[ [ I, [ N
e T, e o e e, e . . . Y . M M. . . . e . e M . S S . S e T . . . S . T A . . A . e e e S M S e e T e T e S S S e S A . e S e . . S . S . S . S . S . S . S . S . hiiiiiiiiiiiiiiiiiiiiii-‘]
& | ‘ 4
K K P, ! L] 1
Wty 1 h 1
iii* | ‘ 4
] - : X ;
iii‘ | ‘ 1
ERE K | ‘ 4
+ .
- ii | ‘ 4
A n o | " N
L R A -ii-i E o . -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-‘.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-i..-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. e e . . S RS R S S B R R B BN B B M
+ + + ‘ 4
+ .
| H | o E Y ‘ 4
4k
+ - i*i“ ‘ 4
+ 4 ok h ‘ 4
4 -
-k L 1
LK - 4
+ 4 + L] +
* R - 1
- L] -
[ n m 4 R -+ . 1
I ; LY + ko ok +
IEEEEER -+
LT T T T T T T T T T T T T T T T T T T T T T T T T Ny T Ny N NN -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-‘.-.-.-. 4 N - +_‘-|| - 4 iiiiiii . iiiii g, * -_— -.-.-.-.-.-.-.-.-.-.-.-.-.al-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.
- L] 4+ 4k + 4 +
L] L] 4 % ko4 + 4 - L
4l 4 - 4 4 + 4 A 4 4 Pt - 1
+ 4+ 4 I EEEEEERR] L] + -
- K] L] KR -

LI -k L]
- - - 4 4 4 hoh F A AW - 4 -
- + & b
+ h ] -+
-

L

FF G F
L
[

L |

o
-
-
-

n 1
O 0 {} 0 o o o g g o o o o o g o o g o o o o o o Y o Y o o Y " o o o o o g o o Y o g o Y o o o g

10 13 20 23 3
ABSOLUTE VALUE OF DEVIATION (ppm)

PG, (B

EF F JF
+

A N N N
+

+
LI
- 4 +
-+
a4
—— Lk +
L]
-+
LI
- +
-
-
- -
LI
4 4 +
g b &
L

L
[ ]

s & + FWOFOEEEEEET T Or ]

[ d

-
L]

A L A L L A e e e D L L L L L L Y L A L e A o v ] L L L o ol e

- l
+ 4 |
Spr Spr Spr Spr Spr Spr Sgr Spr Spr Spr Spr S Spr Sor Spr Spr Sor Sor Sor Sor S Sor Sor S Sar Ser S Spr Spr Spr Sgr Sgr Spr Spr Sy Spr Spr Spr Spr S Spr S Spr Sor Sor Swr Sor Sor Sor Sor Sor Swr Ser Sor Spr Spr Sgr Sgr Spr Sgr Spr Spr S Spr Spr Spr Spr S Spr Spr Sor Spr Ser S i‘+i++ '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'—'—'-ﬂ'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'- Spr Spr Spr Spr Sgr Spr S Sgr Spr S Spr Sor S Spr Sor S Spr Sor S Spr Sor S Spr Sor Sor Spr S
+ +
A L
+ + . |
BEE]
EE R |
+ 4
+ [
i )
LI
LK X
+ 4 F |
4+ 4
. I
£ - |
LI L
4+ 4 F |
- 4
+_+ |

FRAME DEVIATION AMOUNT

ArTER 2 HOURS

- h
Wt
LI

A -

—— R -
‘i:-ii i |
» i [
- ! L
i‘-i i |
*i:ii i |
, ' |
- - i |
++-li-l i |
. H :
+ 1 L
iii i |
I H :
e ' \
! L
r -ii-i i |
L . i

- — 'Y + =+
ii-l v L ! |
- ok ‘ i |
1*1* ] ! L
L ) 3
-4 i |
iiiii : i |
A b H :
] - i |
AT : H :
"_1."-1-‘I L] i |
i ) 3
4+ i |
ii-ii-i : i |
e H ' -
i ) 3
i i 3

10 5 al : 3
ABSOLURE VALUE OF DEVIATION (ppm)



US 8,493,112 B2

1
SIGNAL PROCESSING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a signal processing appa-
ratus.

2. Description of the Related Art

Conventionally, business-use video cameras used in the
broadcast field have the function to match the phases and
frequencies of the video signals, which are used by a plurality
of video cameras, with each other, by synchronizing each
operation clock 1n the camera to the externally generated
reference signal (for example, see Japanese Patent Applica-

tion Laid-Open No. 2008-042586). This function 1s called the

generator lock function.

In addition, the business-use video cameras are required to
keep the clock frequencies of a plurality of video cameras
synchronized for several hours even if no reference signal 1s
supplied thereto after the generator lock 1s once performed
based on the external reference signal.

For example, the reference signal generating device some-
times cannot supply the reference signal to a plurality of video
cameras at a time. In such a case, the generator lock 1s per-
formed for the video cameras, one at a time, by sequentially
connecting the reference signal generating device to the plu-
rality of video cameras.

However, when the generator lock 1s performed for the
video cameras immediately after the reference signal gener-
ating device 1s powered on and the frequency variation of the
reference signal output from the device 1s unstable, the fre-
quency of the operation clock differs among the plurality of
video cameras. This will cause the problem that the video
signals, 1imaged and recorded by the video cameras, will
become unsynchronized over time.

Therelore, the user must wait until the frequency change in
the reference signal from the reference signal generating
device becomes stable and, after that, stop the supply of the
reference signal to the video camera and stop the generator
lock function.

Conventionally, however, the user cannot confirm whether
or not the frequency of the reference signal from the reference
signal generating device 1s stable. Therefore, the problem 1s
that the reference signal generating device and the recording,
device must be kept connected longer than 1s necessary to
perform the generator lock.

SUMMARY OF THE INVENTION

The present mvention 1s directed to a signal processing
apparatus that allows the user to easily determine the state of
the frequency of the externally generated reference signal.

According to an aspect of the present invention, a signal
processing apparatus includes an mput unit configured to
receive a reference signal supplied from an external device, a
phase detection unit configured to detect a phase difference
between the reference signal received from the input unit and
a clock signal, a generation unit configured to generate the
clock signal with a frequency according to an output of the
phase detection unit, and a control unit configured to detect an
error between a frequency of the reference signal recerved
from the input unit and the frequency of the clock signal based
on an output of the phase detection unit and to output infor-
mation indicating the status of a frequency change in the
reference signal to a display device based on the detected
eITor.
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2

Further features and aspects of the present mvention will
become apparent from the following detailed description of
exemplary embodiments with reference to the attached draw-
ngs.

BRIEF DESCRIPTION OF THE DRAWINGS

-

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate exemplary
embodiments, features, and aspects of the mvention and,
together with the description, serve to explain the principles
of the mvention.

FIG. 1 1s a block diagram 1llustrating a configuration of a
video camera 1n an exemplary embodiment of the present
invention.

FIG. 2 1s a block diagram 1llustrating a configuration of a
timing generation unit.

FIG. 3 1s a flowchart illustrating generator lock processing.

FIG. 4 1s a graph illustrating a frequency change of a
voltage-controlled crystal oscillator.

FIG. 5 1s a flowchart illustrating the generator lock pro-
cessing.

FIG. 6 1s a flowchart illustrating the generator lock pro-
cessing.

FIGS. 7A and 7B are graphs illustrating relations between
a Ifrequency deviation of the external reference signal and
time required for deviation of 2 frames, and between the
frequency deviation of the external reference signal and the
frame deviation amount after 2 hours.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described 1n detail below with reference
to the drawings.

FIG. 1 1s a block diagram 1llustrating a configuration of a
video camera 100 that 1s the signal processing apparatus
according to the present invention.

In FIG. 1, an imaging unit 101 captures the image of an
object according to an instruction from a central processing
umt (CPU) 106, generates the moving image signal, and
outputs the generated moving 1mage signal to an 1mage pro-
cessing unit 102. During imaging, the image processing unit
102 performs the known compressing and encoding process-
ing on the moving 1image signal output from the 1imaging unit
101, according to the instruction from the CPU 106, and
outputs the compressed and encoded signal to a recording/
reproducing unit 107.

During imaging, the image processing unit 102 also out-
puts the captured moving 1image signal to a display control
unmit 104, which displays the moving image of the objecton a
display umit 10S. During reproduction, the image processing
unmt 102 decodes and decompresses the reproduced moving
image signal, and outputs the decoded and decompressed
signal to an output unit 109. The image processing unit 102
also transmits the reproduced moving image signal to the
display control umit 104, which displays the reproduced
image on the display unit 105.

A memory 103 temporarily stores the moving image signal
for processing by the image processing unit 102. The display
control unit 104 displays the captured moving image on the
display umit 105 at a recording time, and displays the repro-
duced moving 1mage on the display unit 105 during repro-
duction. The display control unit 104 also displays various
types of information, such as menu information, on the dis-
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play unit 105 according to an 1nstruction from the CPU 106.
The display unit 105 has a display device such as a liquid
crystal panel.

The CPU 106 controls the operation of the components of
the video camera 100 based on the program stored 1n a non-
volatile memory (not illustrated). The CPU 106 also controls
the components based on an instruction from an operation
unit 110. At a recording time, the recording/reproducing unit
107 records the moving image signal, received from the
image processing unit 102, on a recording medium 108 and,
during reproduction, reproduces the moving 1mage signal,
received from the recording medium 108, and outputs the
reproduced moving 1image signal to the image processing unit
102.

The output unit 109 outputs the moving image signal that 1s
output from the image processing umt 102 to an external
device. The operation unit 110 has various switches such as a
power switch, imaging start/stop switch, and play switch. The
user operates the operation unit 110 to give an operation
instruction to the video camera 100.

An 1nput terminal 112 receives the reference signal sup-
plied from an external reference signal generating device. A
timing generation unit 111 generates the reference clock
according to the reference signal supplied to the input termi-
nal 112. The reference clock recerved from the timing gen-
eration unit 111 1s used as the operation clock of the compo-
nents of the video camera 100. The reference signal supplied
from the external device includes the horizontal synchroni-
zation signal and the vertical synchronization signal.

Next, the basic recording/reproducing processing of the
video camera 100 will be described.

When the power 1s turned on by the operation umt 110, the
imaging unit 101 captures an object image and outputs the
moving image signal as the digital signal. The 1mage process-
ing unit 102 transmits the captured moving image signal to
the display control unit 104, which displays the moving
image of the object on the display unit 105 and enters the
stand-by state.

When an 1maging start instruction 1s recerved from the
operation unit 110 in the stand-by state, the CPU 106 trans-
mits the imaging start instruction to the 1mage processing unit
102 and the recording/reproducing unit 107. In response to
the 1imaging start instruction, the 1mage processing unit 102
compresses the moving image signal captured by the imaging
unit 101, and outputs the compressed signal to the recording/
reproducing unit 107. Inresponse to the imaging start instruc-
tion, the recording/reproducing unit 107 records the moving,
image signal recerved from the image processing unit 102, to
the recording medium 108.

Although a flash memory 1s used as the recording medium
108 1n the present exemplary embodiment, any other record-
ing medium may be used. A mounting/ejecting mechanism
(not illustrated) may also be installed 1n the video camera 100
for allowing the user to mount and e¢ject the recording
medium 108 easily.

When an imaging stop instruction 1s received from the
operation unit 110, the CPU 106 transmits the imaging stop
instruction to the image processing unit 102 and the record-
ing/reproducing unit 107. In response to the imaging stop
instruction, the image processing unit 102 stops the compres-
s10n processing ol the moving image signal, and the record-
ing/reproducing unit 107 stops the recording of the moving
image signal. In present exemplary embodiment, the moving
image signal recorded from the start of imaging to the stop of
imaging 1s recorded on the recording medium 108 as one file.

The CPU 106 controls the operation timing of the compo-
nents according to the reference clock, vertical synchroniza-

5

10

15

20

25

30

35

40

45

50

55

60

65

4

tion signal, and horizontal synchronization signal output
from the timing generation unit 111. The CPU 106 contains a
timer that generates a time code, which indicates the time
clapsed from the start of recording (hour, minute, frame),
according to the reference clock output by the timing genera-
tion unit 111, and outputs the generated time code to the
recording/reproducing unit 107.

The recording/reproducing unit 107 records each frame of
the moving 1mage signal with the time code appended. In
addition, the CPU 106 can transmit the generated time code to
the display control unit 104 via the image processing unit 102
to display the time code, as well as the captured moving
image, on the display unit 105.

Next, the processing performed during reproduction will
be described. When the reproduction instruction of a moving
image recorded on the recording medium 108 1s recerved
from the operation unit 110, the CPU 106 instructs the record-
ing/reproducing unit 107 to reproduce the specified moving
image signal from the recording medium 108. The recording/
reproducing unit 107 reproduces the specified moving image
signal from the recording medium 108, and outputs the repro-
duced moving image signal to the image processing unit 102.

The 1mage processing unit 102 decodes the reproduced
moving 1mage signal and outputs the reproduced moving
image signal to the display control unit 104. The display
control unit 104 displays the reproduced moving image on the
display unit 105. In addition, the 1mage processing unit 102
outputs the reproduced moving 1image signal to the output unit
109. The output unit 109 outputs the moving image signal that
1s output from the 1mage processing umt 102 to an external
device.

Next, the generator lock processing performed by the tim-
ing generation unit 111 will be described. In the present
exemplary embodiment, the user first operates the operation
unmit 110 to set the generator lock mode. After the generator
lock mode 1s set, the timing generation umt 111 starts the
generator lock processing when the CPU 106 detects that the
reference signal 1s supplied to the input terminal 112 from the
reference signal generating device.

FIG. 2 1s a block diagram 1llustrating a main part configu-
ration of the signal processing apparatus 100 that includes the
timing generation unit 111.

Referring to FIG. 2, the reference signal received from the
input terminal 112 1s supplied to a synchronization separation
unit 201. The synchronization separation unit 201 detects the
horizontal synchronization signal from the recerved reference
signal, and outputs the detected horizontal synchronization
signal to a phase detection unit 202. In addition, when the
reference signal 1s recerved, the synchronization separation
unit 201 mforms the CPU 106 that the reference signal has
been recerved.

The horizontal synchronization signal generated by the
synchronization signal generation unit 211 from the reference
clock 1s also supplied to the phase detection unit 202. The
phase detection unit 202 detects the phase difference between
the horizontal synchronization signal received from the syn-
chronization separation unit 201 and the horizontal synchro-
nization signal received from the synchronization signal gen-
eration unit 211, and outputs the signal, which indicates the
detected phase difference, to multipliers 221 and 222 of a loop
f1lter 203.

The multiplier 221 multiples the phase difference signal
from the phase detection unit 202 by a predetermined coetli-
cient, and outputs the result to an adder 226. The phase
difference signal from the phase detection unit 202 1s supplied
to the multiplier 222.
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An 1tegration circuit composed of the multiplier 222, an
adder 223, a limiter 224, and a register 225 performs the
integration processing for this phase difference signal. The

integrated value of the phase difference signal from the lim-
iter 224 1s output to the adder 226. The adder 226 adds up the
phase difference signal from the multiplier 221 and the inte-

grated value from the limiter 224, and outputs the result to
terminal “a” of a switch 204.

The CPU 106 reads the integrated value of the phase dii-

ference signal accumulated in a register 225. When the phase
of the reference clock and the phase of the reference signal
from the external device are synchronized, the average value
of the frequency difference between the reference signal from
the external device and the reference clock 1s accumulated in
the register 225. Theretfore, the CPU 106 can read the output
of the register 225 to detect the frequency difference between
the frequency of the reference signal from the external device
and the frequency of the reference clock.

In addition, the CPU 106 can compare the plurality of
outputs of the register 225, which are acquired at a regular
interval, to detect the state of the change 1n the reference
signal from the external device. The value of the register 225
1s the mtegration result of the phase difference signal, and
therefore 1s stable with no sudden change 1n the numeric value
that 1s read.

The setting value from the CPU 106 1s supplied to the
terminal “b” of the switch 204. The switch 204 1s controlled
by the CPU 106. While the reference signal 1s supplied from
the external device, the CPU 106 keeps the switch 204 con-
nected to the terminal “a”. When the supply of the reference
signal 1s stopped, the CPU 106 connects the switch 204 to the
terminal “b”.

The output from the switch 204 1s supplied to a digital
voltage-controlled oscillator (DVCO) 205. The DVCO 205,
which operates according to the timing signal from a tem-
perature-compensated crystal oscillator (TCXO) 206, gener-
ates the sine wave signal with the frequency determined
according to the phase difference between the reference sig-
nal and the clock.

The TCXO 206, a temperature-compensated crystal oscil-
lator, generates a constant-frequency clock that i1s almost
unaffected by a temperature change. The temperature char-
acteristics of the TCXO are £1.5 parts per million (ppm) at
-30° C. to 85° C. centigrade. In the description below, the
frequency of the clock generated by the TCXO 206 is
assumed to be 26 megahertz (MHz).

Each time the clock 1s received from the TCXO 206, an
adder 231 adds up the phase difference signal {from the switch
204 and the output of a register 233, and outputs the result to
an adder 232. Each time the clock is recerved from the TCXO
206, the adder 232 adds a predetermine value to the output
from the adder 231.To the adder 232, the predetermined value
1s supplied from the CPU 106.

In the present exemplary embodiment, the frequency of the
sine wave signal from the DVCO 205 becomes the center
frequency when the output from the loop filter 203 1s 2048.
The frequency of the sine wave signal output from the DVCO
205 becomes the mimimum frequency when the output from
the loop filter 203 1s 0. The frequency of the sine wave signal
output from the DVCO 203 becomes the maximum frequency
when the output from the loop filter 203 1s 4093.

In the present exemplary embodiment, the value supplied
to the adder 232 1s 8709219 (84E463 in hexadecimal). The
adders 231 and 232 and the register 233 each have 31 bits 1n
length. An overflow, iI generated during the addition, is
1gnored.
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The high-order 8 bits of the addition result of the adder 232
are output to a sine wave table 234. The sine wave table 234

generates a sine wave signal according to the recerved 8-bit

value. In the sine wave table 234, each of the received 8-bit
values corresponds to a phase 1n one period of the sine wave.

For example, when the value 2048 1s supplied from the
switch 204 to the DVCO 203, the one-round period of the

31-bit register 233 1s calculated as (2731 (8709219+2048))
+26e6=9.48146e—-6. Therefore, when the added numeric

value 1s n, the frequency in hertz of the sine wave signal
output from the sine wave table 234 1s as shown 1n expression

(1).

Frequency=26E6x(&8709219+#)+2"31 (1)

As described above, the DVCO 205 generates the sine
wave with the frequency related by expression (1) using the
12-bit value in the range 0-4095 output from the loop filter
203. Therefore, the frequency of the sine wave signal from the
DVCO 205 varies according to the value of the phase differ-
ence signal from the loop filter 203.

The sine wave signal from the DVCO 205 1s output to a
multiplier 241 of a phase detection unit 207. To the multiplier
241, the sine wave signal from a comparison signal genera-
tion unit 210 1s added. The phase detection unit 207 detects
the phase difference between these two sine wave signals, and
outputs the signal, which indicates the phase difference, to a
DA converter 208.

The phase detection unit 207 includes the multiplier 241
and a low pass filter (LPF) 242. When the two sine wave
signals are multiplied, the two components, the difference
component cos(a—-p) and the double frequency component
cos(a+[3), corresponding to the phase difference are gener-
ated by sum-of-products formula (2) given below. The phase
detection unit 207 removes the double frequency component
from these two components with the use of the LPF 242 to
extract the lower phase difference component.

Sin a sin =-1/2{cos(a+p)-cos(a-B)}

The DA converter 208 converts the phase difference signal
to the analog signal, and outputs the converted analog signal
to a voltage-controlled crystal oscillator (VCXO) 209. The
VCXO 209 1s a crystal oscillator that can change the oscilla-
tion frequency 1n the range of about £1350 ppm according to
the applied voltage.

Assume that the center frequency of the VCXO 209 15 27
MHz. The clock generated by the VCXO 209 1s supplied to
the components as the reference clock of the video camera
100. The clock from the VCXO 209 1s output also to the
comparison signal generation unit 210 and the synchroniza-
tion signal generation unit 211.

The comparison signal generation unit 210 divides the
frequency of the output from the VCXO 209 using a divider
251 composed of an 8-bit counter. The comparison signal
generation unit 210 adds the numeric values 0-255, obtained
as the result of the division, to a sine wave table 252 to
generate a sine wave signal whose one period 1s formed by
0-2355. Since the 27 MHz clock 1s divided by 256, the ire-
quency of the generated sine wave signal 1s 105468.75
Hz+130 ppm. This sine wave signal 1s output to the phase
detection unit 207.

The synchronization signal generation unit 211 divides the
2’7 MHz clock, output by the VCXO 209, to generate the
horizontal synchronization signal and the vertical synchroni-
zation signal to output to the components. Since 1t 1s assumed
in the present exemplary embodiment that the video camera
100 processes the NTSC moving image signal, the synchro-
nization signal generation unit 211 generates the horizontal

(2)
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synchronization signal and the vertical synchronization sig-
nal with the frequency corresponding to the NTSC system.

As described above, the phase difference signal detected by
the phase detection unit 202 1s averaged by the loop filter 203.
By adding the output of the loop filter 203 to the DVCO 2035
that operates according to the clock generated by the TCXO
206, the DVCO 203 generates the temperature-compensated
sine wave signal, and adds the signal to the phase detection
unit 207.

The DA converter 208 converts the output of the phase
detection unit 207 to the digital signal, and outputs the con-
verted signal to the VCXO 209. The configuration described
above forms a feedback loop 1n which the horizontal synchro-
nization signal output from the synchronization signal gen-
cration unit 211 1s phase-locked to the reference signal
received from the external device.

Since the center frequency of the VCXO 209 1s 27 MHz,
the frequency of the sine wave signal generated by the DVCO
205 1s multiplied to 27 MHz as shown by expression (3).

Oscillation frequency of VCXO 209=Frequency of

DVCO 205xDivision ratio of divider 251 (3)

In this way, based on the predetermined value supplied to
the DVCO 255 (value supplied to the adder 232), the tem-
perature-compensated, frequency-changeable 27 MHz clock
can be output from the VCXO 209 as the reference clock.

Therefore, the VCXO 209, which has the linear relation-
ship between given-numeric-value and frequency character-
1stics, can generate the reference clock according to the con-
stant supplied from the CPU 106 to the adder 232, with being
subjected to almost no effect of the temperature driit.

The configuration illustrated in FIG. 2 has a large feedback
loop (phase detection umit 202—loop filter 203—=DVCO
205—phase detection unit 207—DA converter 208—VCXO
209—synchromization signal generation unit 211—phase
detection unit 202).

This large loop includes a small feedback loop (phase
detection unit 207—=DA converter 208—=VCXO 209—com-
parison signal generation unit 210—phase detection umnit
207). This loop configuration requires that the loop gain of the
latter 1s several times larger than the loop gain of the former.

Next, the generator lock processing performed by the CPU
106 will be described. FIG. 3 1s a flowchart illustrating the
generator lock processing performed by the CPU 106.

In step S301, when the user operates the operation unit 110
to set the generator lock mode, the CPU 106 sets a predeter-
mined value as the initial value of the integrated value used in
the loop filter 203. The 1nitial value that 1s set in this step 1s the
value used for oscillating the VCXO 209 under free-runming,
conditions until the reference signal 1s supplied from an exter-
nal device. This value, which is set at shipment time, 1s saved
in the nonvolatile memory 1n the CPU 106.

Next, 1in step S302, the CPU 106 checks the mnput terminal
112 to determine 1i the reference signal 1s supplied from an
external reference signal-generating device. It the reference
signal 1s not supplied from the external device (NO 1n step
S5302), the CPU 106 outputs the mitial value, which 1s set 1n
step S301, to the terminal “b” of the switch 204 1n step S311
and, 1n addition, connects the switch 204 to terminal “b” for
supplying the initial value to the DVCO 205. In step S309, the
CPU 106 controls the display control unit 104 and displays
the mformation on the display unit 105 to indicate that no
reference signal 1s supplied from the external device.

If the reference signal 1s supplied from the external device
(YES 1n step S302), the CPU 106 connects the switch 204 to
the terminal *“a” for supplying the output of the loop filter 203
to the DVCO 205. At this time, the phase detection unit 202
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detects the phase difference between the horizontal synchro-
nization signal from the synchronization signal generation
unit 211 and the horizontal synchromization signal from the
external device. The integrated value of the phase difference
signal 1s accumulated in the register 225 of the loop filter 203.

After that, 1 step S303, the CPU 106 acquires the output
signal (integrated value) of the register 225 at a predeter-
mined timing and saves the acquired value in an internal
register. In step S304, the CPU 106 detects a change in the
frequency of the externally supplied reference signal based on
the saved integrated value to determine 1f the frequency
change 1s stable.

For example, the CPU 106 regularly acquires the value of
the register 225 at a predetermined timing and saves the
acquired value. After acquiring the value of the register 225 a
predetermined number of times, the CPU 106 calculates the
difference among the values that were saved the predeter-
mined number of times.

The CPU 106 compares the difference value with a plural-
ity of thresholds to determine 11 the externally supplied ret-
erence signal 1s 1n the stable state, 1n the process of becoming
stable, or in the unstable state.

In step S310, 11 the reference signal 1s 1n the stable state as
the result of the determination, the CPU 106 acquires the
value of the register 225 and saves the acquired value 1n the
internal register. In step S306, the CPU 106 controls the
display control unit 104 to display the information on the
display unit 105 to indicate that the reference signal 1s sup-
plied and the frequency change of the reference signal 1s
stable.

In step S307, the CPU 106 detects again 1 the reference
signal 1s received. If the reference signal 1s recerved (YES 1n
step S307), the processing returns to step S303. If the supply
of the external reference signal 1s stopped (NO 1n step S307),
the CPU 106 connects the switch 204 to the terminal “b” and.,
in step S308, outputs the integrated value saved in step S310
to the DVCO 205. In step S309, the CPU 106 controls the
display control unit 104 to display the information on the
display unit 105 to indicate that no reference signal 1s sup-
plied from the external device.

I1 there 1s no reference signal from the external device as 1n
the case described above, the CPU 106 outputs the value of
the register 225, which was saved last while the reference
signal was recerved, to the DVCO 205 via the switch 204 to
generate the temperature-compensated reference clock.

In step S305, if the frequency change of the reference
signal from the external device 1s determined to be 1n the
process o becoming stable 1n step S304, the CPU 106 calcu-
lates the estimated integrated value of the case where the
frequency change becomes stable, based on the value saved 1n
the register 223.

For example, when the external reference signal generating,
device generates the reference signal using a VCXO, i1t takes
about 30 minutes for the oscillation frequency of the VCXO
to become stable after the power-on as illustrated 1n FIG. 4.
The characteristics are represented by the exponential func-
tion curve given by expression (4).

(4)

The CPU 106 calculates the variables of expression (4)
based on the saved integrated value, calculates the numeric
value at the stable point of time, and saves the numeric value.
In step 306, the CPU 106 controls the display control unit 104
and displays the information on the display unit 105 to 1ndi-
cate that the reference signal 1s supplied and the frequency
change of the reference signal 1s stable.

y=a-exp(-bx)+c
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After that, 1n step S307, the CPU 106 detects again 1i the
reference signal 1s recerved and, 1f the reference signal 1s
received (YES 1n step S307), the processing returns to step
S303. If the supply of the external reference signal 1s stopped
(NO 1n step S307), the CPU 106 connects the switch 204 to
the terminal “b” and, in step S308, outputs the integrated

value saved 1n step S310 to the DVCO 205.

In the present exemplary embodiment, when the generator
lock processing 1s performed in which the internal clock 1s
synchronized with the reference signal supplied from the
external device, the CPU 106 detects the frequency change of
the reference signal based on the phase difference signal as
described above. The CPU 106 determines 1f the frequency
change of the reference signal 1s stable and displays the deter-
mination result. This allows the user to easily determine 1t the
generator lock processing 1s performed 1n the state in which
the frequency change of the reference signal 1s stable.

Theretfore, the user can perform the generator lock process-
ing after the frequency change of the reference signal
becomes stable and, then, stop the supply of the reference
signal to the video camera, and supply the reference signal to
another video camera.

Next, a second exemplary embodiment will be described.
In the present exemplary embodiment, the configuration of a
video camera 100 1s similar to that 1llustrated in FIG. 1 and
FIG. 2, and the basic recording and reproduction processing
1s similar to that in the first exemplary embodiment. In the
second exemplary embodiment, the generator lock process-
ing 1s different from that of the first exemplary embodiment.

FIG. 5 1s a flowchart illustrating the generator lock pro-

cessing according to the second exemplary embodiment. The
CPU 106 controls the components to perform the processing
in FIG. 5.

In step S501, when the user operates the operation unit 110
to set the generator lock mode, the CPU 106 sets a predeter-
mined value as the initial value of the integrated value used in
the loop filter 203. The 1nitial value that 1s set in this step 1s the
value used for oscillating the VCXO 209 under free-runming,
conditions until the reference signal 1s supplied from an exter-
nal device. This value, which is set at shipment time, 1s saved
in the memory in the CPU 106.

Next, 1 step S502, the CPU 106 checks the input terminal
112 to determine 1f the reference signal 1s supplied from an
external reference-signal generating device. If the reference
signal 1s not supplied from the external device (NO 1n step
S5502), the CPU 106 outputs the initial value, which is set 1n
step S501, to terminal b of the switch 204. In addition, 1n step
S509, the CPU 106 connects the switch 204 to the terminal
“b” for supplying the imitial value to the DVCO 203. In step
S508, the CPU 106 controls the display control unit 104 and
displays the information on the display unit 105 to indicate
that no reference signal 1s supplied from the external device.
If the reference signal 1s supplied from the external device
(YES 1n step S502), the CPU 106 connects the switch 204 to
the terminal “a” for supplying the output of the loop filter 203
to the DVCO 205. At this time, the phase detection unit 202
detects the phase difference between the clock and the hori-
zontal synchronization signal from the external device. The
integrated value of the phase difference signal 1s accumulated
in the register 225 of the loop filter 203.

After that, 1n step S503, the CPU 106 regularly acquires the
output signal (integrated value) of the register 225 at a pre-
determined timing, and saves the acquired value in the 1nter-
nal register. The CPU 106 calculates the frequency deviation
amount of the externally supplied reference signal based on
the saved integrated value.
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In step S504, based on this frequency deviation amount, the
CPU 106 calculates the time required to generate deviation of
N frames (N 1s a predetermined mteger equal to or larger than
1) between the time (number of frames) measured using the
external reference signal and the time (number of frames)
measured using the reference clock from the VCXO 209. In
step S505, the CPU 106 displays the calculated time infor-
mation on the display umt 105 via the display control umit
104.

In step S306, the CPU 106 detects again ii the reference
signal 1s recerved. 11 the reference signal 1s recerved (YES 1n
step S506), the processing returns to step S503. In this way,
the CPU 106 calculates the time required to generate devia-
tion of N frames, at periodic intervals while the reference
signal 1s recetved from the external device and displays the
calculated time on the display unit 105.

I the supply of the external reference signal 1s stopped (NO
in step S506), the CPU 106 connects the switch 204 to the
terminal “b” and, in step S507, outputs the integrated value
saved 1n step S503 to the DVCO 205. In step S508, the CPU
106 controls the display control umt 104 and displays the
information on the display unit 105 to indicate that no refer-
ence signal 1s supplied from the external device.

Next, the calculation processing in step S504 and the dis-
play processing in step S5035, will be described. The relational
eXpressions are

T=N=Af+108000 (NTSC broadcast method)

T=N=Af+90000 (PAL broadcast method) (5)

where Af 1s the frequency deviation and T 1s the time elapsed
until deviation of N frames 1s generated.

As indicated by the above expression, 1f the frequency
deviation amount Af1s known, the time T required for devia-
tion of N frames may be calculated by expression (35). For
example, FIG. 7A 1llustrates the relation between the time T
required for deviation of 2 frames, and the frequency devia-
tion amount Al when the broadcast method of the moving
image signal processed by the signal processing apparatus
100 1s NTSC.

The frequency variation of the reference clock 1s extremely
low 1n the present exemplary embodiment because the tem-
perature-compensated reference clock 1s generated. For
example, when the frequency variation of the reference clock
from the VCXO 209 1s 1.5 ppm as described above, the time
required for deviation of 2 frames 1s 10 hours or longer (12
hours and 20 minutes) as shown 1n FIG. 7A.

On the other hand, when the device that generates the
external reference signal generates the reference signal using
a VCXO that 1s not temperature-compensated, the frequency
variation of the reference signal can be about 10 ppm 1n some
cases. Therefore, the error of 2 frames may be caused within
2 hours, for example, 3 hours and 42 minutes for 5 ppm of
frequency variation and 1 hour and 51 minutes for 10 ppm of
frequency variation, as illustrated in FIG. 7A.

In addition, the signal processing apparatus 100 in the
present exemplary embodiment holds the frequency even it
the reference signal 1s stopped after the generator lock pro-
cessing 1s performed based on the reference signal from an
external device. Therefore, 1f the external reference signal
also holds the state, no error from the external reference signal
1s generated.

However, if the frequency of the reference signal of the
external signal-generating device 1s deviated originally in the
range ol several ppm to several dozens of ppm, the frequency
tends to deviate 1n many cases due to an ambient change such
as a temperature change. To address this 1ssue, the CPU 106
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displays the time that will elapse until deviation of N frames
1s generated based on the frequency variation in the external
reference signal. This display helps the user easily recognize
an approximate time that 1s required until the deviation of N
frames 1s generated.

In addition, as 1s understood from FIG. 7A, the frequency
deviation amount 1s inversely proportional to the time
required for deviation of N frames. This means that, once the
deviation starts increasing from the point where there 1s no
deviation, the amount of deviation rapidly decreases to a
certain level. To ensure accuracy, some external signal-gen-
erating devices have a TCXO or a crystal oscillator placed 1n
an oven, where the temperature 1s higher than the room tem-
perature, to keep 1t at a constant temperature.

On the other hand, some signal processing apparatuses
accept a frequency deviation or drift of about several dozens
of ppm. In such a case, the smaller value, that 1s, the state 1n
which the shorter time 1s required for deviation of N frames,
1s always displayed in the present exemplary embodiment as
the time required for deviation of N frames. When the fre-
quency deviation amount of the reference signal recerved
from the external device 1s small but has a variation (drift), the
displayed time does not become stable, and varies.

As described above, the user can recognize the time dis-
played during the generator lock processing to easily recog-
nize the information indicating that there 1s no worry about
deviation even for long-time 1maging, deviation of N frames
will be generated 1n a short period of time due to a fixed
amount of deviation, or the frequency of the reference signal
has a small amount of deviation but has a variation.

In the present exemplary embodiment, the user can operate
the operation unit 110 to arbitrarily change the number of
frames, N, used 1n steps S504 and S505. When the user
changes N, the CPU 106 recalculates the time required for
deviation of N frames using expression (5) and displays the
result on the display umt 105.

Next, a third exemplary embodiment will be described. In
the present exemplary embodiment, the configuration of a
video camera 100 1s similar to that 1llustrated in FIG. 1 and
FIG. 2, and the basic recording and reproduction processing
1s similar to that in the first exemplary embodiment. In the
third exemplary embodiment, the generator lock processing
1s different from that of the first and second exemplary
embodiments.

FIG. 6 1s a flowchart illustrating the generator lock pro-
cessing 1n the third exemplary embodiment. The CPU 106
controls the components to perform the processing in FIG. 6.

In step S601, when the user operates the operation unit 110
to set the generator lock mode, the CPU 106 sets a predeter-
mined value as the initial value of the integrated value used in
the loop filter 203. The 1nitial value that 1s set in this step 1s the
value used for oscillating the VCXO 209 under free-runming,
conditions until the reference signal 1s supplied from an exter-
nal device. This value, which is set at shipment time, 1s saved
in the memory in the CPU 106.

Next, i step S602, the CPU 106 checks the input terminal
112 to determine 1f the reference signal 1s supplied from an
external reference-signal generating device. If the reference
signal 1s not supplied from the external device (NO 1n step
S602), the CPU 106 outputs the initial value, which is set 1n
step S601, to the terminal “b” of the switch 204. In addition,
in step S609, the CPU 106 connects the switch 204 to the
terminal “b” for supplying the mitial value to the DVCO 205.
In step S608, the CPU 106 controls the display control unit
104 and displays the information on the display unit 105 to
indicate that no reference signal 1s supplied {from the external
device.
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If the reference signal 1s supplied from the external device
(YES 1n step S602), the CPU 106 connects the switch 204 to
the terminal *“a” for supplying the output of the loop filter 203
to the DVCO 205. At this time, the phase detection unit 202
detects the phase difference between the clock and the hori-
zontal synchromization signal from the external device. The
integrated value of the phase difference signal 1s accumulated
in the register 225 of the loop filter 203.

After that, 1n step S603, the CPU 106 regularly acquires the
output signal (integrated value) of the register 223 at a pre-
determined timing, and saves the acquired value 1n the 1nter-
nal register. The CPU 106 calculates the frequency deviation
amount of the externally supplied reference signal based on
the saved integrated value.

In step S604, based on this frequency deviation amount, the
CPU 106 calculates the error (number of frames ) between the
time measured using the external reference signal and the
time measured using the reference clock from the VCXO 209
that will be generated after T seconds (T 1s a predetermined
value). In step S605, the CPU 106 displays the information on
the calculated number of frames on the display unit 105 via
the display control umt 104.

In step S606, the CPU 106 detects again 1f the reference
signal 1s recerved. 11 the reference signal 1s recerved (YES 1n
step S606), the processing returns to step S603. In this way,
the CPU 106 calculates the error at periodic intervals while
the reference signal 1s received from the external device, and
displays the calculated error on the display unit 105.

If the supply of the external reference signal 1s stopped (NO
in step S606), the CPU 106 connects the switch 204 to the
terminal “b” and, in step S607, outputs the integrated value
saved 1n step S603 to the DVCO 205. In step S608, the CPU
106 controls the display control umt 104 and displays the
information on the display unit 105 to indicate that no refer-
ence signal 1s supplied from the external device.

Next, the calculation processing in step S604 and the dis-
play processing in step S603, will be described. The relational
eXpressions are

X=Afx108000x 7T (NTSC broadcast method)

X=Afx90000x7 (PAL broadcast method) (6)

where Al 1s the frequency deviation and X 1s the error (frame
deviation amount) between the result of the measurement for
the period of T seconds using the reference clock from the
VCXO 209 and the result of the measurement of the elapsed
time using the reference signal.

FIG. 7B illustrates the relation between the frame deviation
amount X when two hours have elapsed and the frequency
deviation amount Af 1n the NTSC broadcast method. In FIG.
7B, the horizontal axis indicates the absolute value of the
amount of frequency deviation between the reference signal
from the external device and the reference clock from the
VCXO 209. The vertical axis 1n FIG. 7B indicates the frame
deviation amount of the measurement result of the time mea-
sured using the reference signal when the elapsed time of the
predetermined time T (two hours 1n this example) 1s measured
using the reference clock.

The user can recognize the display during the generator
lock processing to easily recognize the frame deviation
amount that will be generated after a specified time. There-
fore, to decrease the frame deviation amount after a specified
time, the user can determine to frequently perform the gen-
erator lock processing.

In the present exemplary embodiment, the user can operate
the operation unit 110 to arbitrarily change the time T used in

steps S604 and S6035. When the user changes T, the CPU 106
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calculates the frame deviation amount again, which will be
generated after the time T, using expression (6) and displays
the result on the display unit 105.

Instead of the frame deviation amount after the time T, the
time (1n seconds) may also be displayed.

Although the present invention 1s applied to a video camera
in the first to third exemplary embodiments, the present
invention 1s applicable also to a device that generates a clock
that synchronizes to the external reference signal.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
modifications, equivalent structures, and functions.

This application claims priority from Japanese Patent
Application No. 2010-183270 filed Aug. 18, 2010, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. A signal processing apparatus comprising:

an 1put unit configured to receive a reference signal sup-
plied from an external device;

a phase detection unit configured to detect a phase difier-
ence between the reference signal recerved by the mput
unit and a clock signal;

a generation unit configured to generate the clock signal
with a frequency according to an output of the phase
detection unit; and

a control unit configured to detect an error between a fre-
quency of the reference signal received by the input unit
and the frequency of the clock signal based on an output
of the phase detection unit and to output information
indicating a status of a frequency change in the reference
signal to a display device based on the detected error,

wherein the control unit acquires the output signal of the
phase detection unit at a predetermined interval and,
based on a plurality of the acquired output signals of the
phase detection unit, detects the frequency change 1n the
reference signal.

2. The signal processing apparatus according to claim 1,
wherein the generation unit generates the clock signal using a
signal from a temperature-compensated oscillator.

3. The signal processing apparatus according to claim 1,

wherein the control unit saves a value of an output signal of

the phase detection unit 11 the frequency change 1n the refer-
ence signal 1s determined to be stable, and outputs the saved
value to the generation unit instead of the output signal of the
phase detection unit 1 the supply of the reference signal to the
input unit 1s stopped.

4. The signal processing apparatus according to claim 1,
turther comprising a voltage-controlled crystal oscillator,
wherein the control unit detects the frequency change 1n the
reference signal based on a function indicating a change in the
oscillation frequency of the voltage-controlled crystal oscil-
lator.

5. The signal processing apparatus according to claim 1,
turther comprising:

a processing unit configured to process a moving image
signal having a plurality of frames in accordance with a
timing signal generated from the clock signal,

wherein the control unit outputs information indicating a
time required until a deviation between a time measured
using the clock and a time measured using the reference
signal becomes N frames (N 1s a predetermined value) to
the display unit based on the detected error.

6. The signal processing apparatus according to claim 1,

wherein the control unit outputs information indicating a
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difference between a time measured using the clock signal
and a time measured using the reference signal when a period
of T seconds, T being a predetermined value, 1s measured
using the clock signal to the display unit based on the detected
CITOr.

7. A signal processing method comprising;

recerving a reference signal supplied from an external
device;

detecting a phase difference between the reference signal
received by the input unit and a clock signal;

generating the clock with a frequency corresponding to the
detected phase difference; and

detecting an error between a frequency of the received
reference signal and the frequency of the clock signal
based on the detected phase difference and outputting
information indicating a status of a frequency change 1n
the reference signal to a display device based on the
detected error,

including acquiring the detected phase difference at a pre-
determined interval and, based on a plurality of the
acquired detected phase differences, detecting the fre-
quency change 1n the reference signal.

8. The signal processing apparatus according to claim 1,
wherein 1 the frequency change 1n the reference signal 1s
determined to be stable, the control unit causes the informa-
tion indicating the status of the frequency change in the ref-
erence signal to be displayed on the display device.

9. The si1gnal processing apparatus according to claim 1,
wherein 11 the frequency change 1n the reference signal 1s not
determined to be stable, the control unit causes the informa-
tion indicating the status of the frequency change 1n the ref-
erence signal not to be displayed on the display device.

10. A signal processing apparatus comprising:

an input unit configured to recerve a reference signal sup-
plied from an external device;

a phase detection unit configured to detect a phase differ-
ence between the reference signal recerved by the mput
unit and a clock signal;

a generation umt configured to generate the clock signal
with a frequency according to an output of the phase
detection unit; and

a control unit configured to detect a status of a frequency
change 1n the reference signal based on an output of the
phase detection unit and to output information indicat-
ing the status of the frequency change 1n the reference
signal to a display device,

wherein the control unit saves a value of the output signal
of the phase detection unit 1f the frequency change 1n the
reference signal 1s determined to be stable, and outputs
the saved value to the generation unit instead of the
output signal of the phase detection unit 1f the supply of
the reference signal to the mput unit 1s stopped.

11. A signal processing apparatus comprising:

an input unit configured to receive a reference signal sup-
plied from an external device;

a phase detection unmit configured to detect a phase differ-
ence between the reference signal recerved by the input
unit and a clock signal;

a generation umt configured to generate the clock signal
with a frequency according to an output of the phase
detection unit;

a processing unit configured to process a moving 1mage
signal having a plurality of frames 1n accordance with
the a timing signal generated from the clock signal; and

a control unit configured to detect an error between a fre-
quency of the reference signal received by the mput unit
and the frequency of the clock signal based on an output




US 8,493,112 B2

15

ol the phase detection unit and to output information
indicating a time required until a deviation between a
time measured using the clock and a time measured
using the reference signal becomes N frames (N 1s a
predetermined value) to the display unit based on the
detected error.

12. A signal processing apparatus comprising:

an 1put unit configured to receive a reference signal sup-
plied from an external device;

a phase detection unit configured to detect a phase difier-
ence between the reference signal recerved by the mput
umt and a clock signal;

a generation unit configured to generate the clock signal
with a frequency according to an output of the phase
detection unit;

a processing unit configured to process a moving image
signal having a plurality of frames 1n accordance with
the a timing signal generated from the clock signal; and

a control unit configured to detect an error between a fre-
quency of the reference signal received by the mput unit
and the frequency of the clock signal based on an output
of the phase detection unit and to output information
indicating a difference between a time measured using
the clock signal and a time measured using the reference
signal when a period of T seconds, T being a predeter-

mined value, 1s measured using the clock signal to the
display unit based on the detected error.
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13. A signal processing apparatus comprising:

an input unit configured to recerve a reference signal sup-
plied from an external device;

a phase detection unit configured to detect a phase differ-
ence between the reference signal recerved by the mput
unit and a clock signal;

a generation umt configured to generate the clock signal
with a frequency according to an output of the phase
detection unit; and

a control unit configured to output information indicating a
status of a frequency change 1n the reference signal to a
display device based on an output signal of the phase
detection unit,

wherein the control unit acquires the output signal of the
phase detection unit at a predetermined interval and,
based on a plurality of the acquired output signals of the
phase detection unit, detects the status of the frequency
change 1n the reference signal.

14. The signal processing apparatus according to claim 13,
wherein 11 the frequency change 1n the reference signal 1s
determined to be stable, the control unit causes the informa-
tion indicating the status of the frequency change in the ref-
erence signal to be displayed on the display device.

15. The signal processing apparatus according to claim 13,
wherein 11 the frequency change 1n the reference signal 1s not
determined to be stable, the control unit causes the informa-
tion indicating the status of the frequency change 1n the ref-

erence signal not to be displayed on the display device.
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